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:LWK WKLV LQPLQG D QHZ DSSURDFK IRU WKH VWXG\ RI UHQHZDEOH HQHUJ\ V\VWHPV VHHPV QHFHVVDU\ WDUJHWLQJ LQ
SDUWLFXODU WKH XQGHUVWDQGLQJ RI WKH FKDUDFWHULVWLFV RI WKHVH W\SHV RI V\VWHPV WKHLU LQWHJUDWLRQ DQG XVH LQ UHPRWH
FRQILJXUDWLRQWKHPDQDJHPHQWRIWKHVHV\VWHPVHWF7KHVHSUHPLVHVKDYHDOORZHGDXWKRUVWRGHVLJQDFXUULFXOXP
PHWKRGV DQG PDWHULDOV IRU WKH VWXG\ RI UHQHZDEOH HQHUJ\ V\VWHPV FXVWRPL]HG IRU GLIIHUHQW VSHFLDOL]DWLRQV RI
SUHSDULQJVWXGHQWVIRUWHFKQLFDOHGXFDWLRQ
7KHSDSHU LVRUJDQL]HGDVIROORZVDFKDSWHURQ WKHRUJDQL]DWLRQRI WKH WKHRUHWLFDOVWXG\PDWHULDODFKDSWHURQ
SUDFWLFDOWUDLQLQJZKLFKSUHVHQWVWKHVROXWLRQGHYHORSHGE\WKHDXWKRUVDQGDFKDSWHURIFRQFOXVLRQVDQGDQDO\VLVRI
WKHUHVXOWVREWDLQHGIURPDVVHVVLQJWKHLPSDFWRQSUHSDULQJVWXGHQWVEDVHGRQWKHSURSRVHGIRUPDOLVP

1RPHQFODWXUH
/06 /HDUQLQJ0DQDJHPHQW6\VWHP
5(6 5HQHZDEOH(QHUJ\6RXUFHV
6&$'$6XSHUYLVRU\&RQWURODQG'DWD$FTXLVLWLRQ
5HQHZDEOHHQHUJ\HGXFDWLRQPHWKRGRORJ\
7KH SURFHVV RI GHYHORSLQJ WKH WUDLQLQJ PHWKRGRORJ\ VWDUWHG IURP WKH DQDO\VLV RI WKH NQRZOHGJH DQG VNLOOV
HVWDEOLVKHG E\ FXUULFXOXP IRU HDFK VSHFLDOL]DWLRQRI VWXG\&RPPRQSRLQWV DQG VSHFLILF FKDUDFWHULVWLFVZHUH DOVR
LGHQWLILHG $OVR LW ZDV UHJDUGHG D JOREDO DSSURDFK EXW IRFXVHG HVSHFLDOO\ RQ WKH DYDLODELOLWLHV DQG VSHFLILF
FKDUDFWHULVWLFV RI 5RPDQLD 7KH SUHSDUDWLRQ RI D FXUULFXOXP DGGUHVVLQJ NQRZOHGJH DFTXLVLWLRQ DERXW UHQHZDEOH
HQHUJ\UHVRXUFHVLQFXUUHQWHQHUJ\SROLFLHVDWQDWLRQDODQG(XURSHDQOHYHOWKHFRQYHUVLRQRIHQHUJ\IURPUHQHZDEOH
VRXUFHVDQGHIILFLHQF\DQDO\VLVRIVSHFLILFFDVHV IRUHDFK W\SHRI5(6VRODUZLQGK\GURELRPDVV WKH UROHDQG
LQIOXHQFHRI WKHVHRQFXUUHQW5(6ZDVDOVRDQ LPSRUWDQWJRDO >@)RUHDFKVLWXDWLRQDQXPEHURI LOOXVWUDWLYHDQG
XQGHUVWDQGDEOHH[DPSOHVIRUWKHWDUJHWJURXSZHUHLQWURGXFHG
(DFKWKHPHLVDFFRPSDQLHGE\SUDFWLFDODFWLYLWLHVWKDWFDQEHSHUIRUPHGLQDPRGXODUODERUDWRU\GHVLJQHGIRUWKLV
SXUSRVH7KHODERUDWRU\DOORZVWRVLPXODWHGLIIHUHQWW\SHVRI5(6WRVHOHFWDQGDQDO\]HWKHNH\HOHPHQWVRIWKHPDLQ
FRQYHUVLRQSURFHVVHV1H[WWRWKLVDPRGXOHWKDWFRQWDLQVXVHIXOWRROVLQWKHDVVHVVPHQWRIWKHLPSDFWEURXJKWE\WKH
5(6RQWKHHQYLURQPHQWDQGRQWKHGLVWULEXWLRQQHWZRUNVLQFOXGLQJDSRZHUTXDOLW\DQDO\]HUZDVDGGHG
%HFDXVH WKLV DSSURDFK DOORZV WKH DFTXLVLWLRQRI EDVLFNQRZOHGJH WRKLJKOLJKW WKH UHDO SUREOHPV WKDW WDNH LQWR
DFFRXQWORFDOVSHFLILFDWLRQVVWXGHQWVDUHDOORZHGWRXVHWKHYLUWXDOODERUDWRU\WKDWZDVFUHDWHGDVDIDFLOLW\WRDFFHVV
DQGDQDO\]H5(6FKDUDFWHULVWLFVSURSHUWLHVDQGWKHLUVSHFLILFGHYLFHV
5(6VWXG\EDVHGRQYLUWXDOODERUDWRU\
2QOLQHOHDUQLQJV\VWHPVEHFRPHPRUHSRSXODUQRZDGD\V>@EHFDXVHRIWKHLUPDQ\DGYDQWDJHV$IHZRIWKHVH
VSHFLILF DGYDQWDJHV VXFK DV WKH DELOLW\ WR FRQGXFW DQDO\VLV RQ D ORQJHU SHULRGV RI WLPH WKDQ WKRVH DOORZHG E\ D
FRQYHQWLRQDO ODERUDWRU\ WKHSRVVLELOLW\RI VWXG\LQJ UHDO FRQGLWLRQV DW GLIIHUHQW VLWXDWLRQV DQGSHULRGVRI WLPH WKH
SRVVLELOLW\ RI DQ HIILFLHQW VWXGHQW HYDOXDWLRQ DFFRUGLQJ WR WKHLU DFWLYLW\ DQG QRW OHDVW DQ HIILFLHQW VKDULQJ RI WKH
ODERUDWRU\HTXLSPHQW%XWWKHELJJHVWDGYDQWDJHLVWKDWWKHVWXG\RIWKHHQHUJ\SRWHQWLDOIRUGLIIHUHQWDUHDVFDQEH
SURYLGHGE\DFFHVVLQJWKHSURSHUGDWDUHVRXUFHV
9LUWXDOODERUDWRU\SODWIRUP
9LUWXDO ODERUDWRU\ ZDV GHVLJQHG WR DOORZ WKH DQDO\VLV DQG 5(6 VWXG\ LQ FHUWDLQ VSHFLILF FRQGLWLRQV ERWK
ODERUDWRU\DQGUHDOVLWXDWLRQV)URPWKLVSHUVSHFWLYHWKHODERUDWRU\LVEXLOWRQWZRPRGXOHV
x 7KHEDVLFHGXFDWLRQPRGXOHRI5(6
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
)LJ7KHVWUXFWXUHRIWKHEDVLFHGXFDWLRQDOPRGXOHIRU5(6
x 7KHILHOGHGXFDWLRQPRGXOHRI5(6
$VVHHQLQ)LJWKHEDVHPRGXOHFRQVLVWVRISULPDU\HQHUJ\VRXUFHVDQGFRQYHUVLRQHTXLSPHQWVVWXGLHGZLWKLQ
WKHSURSRVHGDFWLYLWLHV7KHDYDLODEOHODERUDWRU\HTXLSPHQWVDUH
x DZRUNVWDWLRQFRQWDLQLQJWZRW\SHVRIVRODUHQHUJ\FRQYHUWHUVVRODUFHOOVDQGSKRWRYROWDLFVRODUSDQHO6RODU
FHOOVDUHUHSUHVHQWHGE\LQWHJUDWHG620/XFDV1XOOHPRGXOHV7KHUHDUHWZRW\SHVRIVRODUFHOOV
PRGXOHVRI9ROWVZKLFKFDQEHFRQQHFWHGVHULDORUSDUDOOHOFRQILJXUDWLRQVDQGD9ROWVPRGXOH6RODU
SDQHOLVRI(70W\SHFKDUDFWHUL]HGE\WKHIROORZLQJSDUDPHWHUV
R 3HDNSRZHU3PD[:
R 0D[LPXPSRZHUSRLQWYROWDJH9PSS9
R 0D[LPXPSRZHUSRLQWFXUUHQW,PSS$
R 2SHQFLUFXLWYROWDJH9RF9
R 6KRUWFLUFXLWFXUUHQW,VF$
x HQHUJ\FRQYHUVLRQDWDYROWDJHRI8 9OHYHOLVUHDOL]HGZLWKWZR9'&9$&+]:LQYHUWHUV
VXSSOLHGE\WZRVRODUFKDUJHFRQWUROOHU62/680DQG62/$5$GGLWLRQDOHQHUJ\LVVWRUHGLQWZR
EDWWHULHVD$KDQGD$KRQHDW9
x :SHUPDQHQWPDJQHWVZLQGWXUELQH
x ZLQGVSHHGVHQVRU
x 'LJLOHQW3PRG5)VXVHGIRUWKHUDGLRWUDQVPLVVLRQDQGUHFHSWLRQ
x 'LJLOHQW3PRG&/6/&'VXVHGIRUGDWDGLVSOD\
x PLFURFRQWUROOHUV3,&)
x DGDSWLQJFLUFXLWU\IRUFRPSDWLELOLW\LVVXHVEHWZHHQ3PRG5)9DQG3,&9
x :3HOWRQK\GURHOHFWULFWXUELQH
x :V\QFURQRXVJHQHUDWRU
x VRODUZDWHUKHDWLQJV\VWHP
R VRODUSDQHORI%(7$W\SHZLWK+HDWSLSH´JODVVYDFXXPWXEHV
R KRWZDWHUERLOHU(&2OLWUHV
R SXPSIRUKHDWFDUULHUIOXLGFLUFXODWLRQRI9RUWH[+=W\SH'1DQG:VLQJOHSKDVHPRWRU
R PLFURFRQWUROOHU IRU SXPS FRQWURO DQGPRQLWRULQJ RI KHDW WUDQVIHU IURP WKH VRODU FROOHFWRU WR WKH
WKHUPDOVWRUDJHXQLWLQFOXGLQJWHPSHUDWXUHVHQVRUV
R KHDWPHWHURI:5W\SH'QPP4QPKLQFOXGLQJIORZWHPSHUDWXUHSUREH
R FROGZDWHUPHWHURI(7.W\SH'QPP4QPK
,QWHJUDWLRQERDUG
/DERUDWRU\
SULPDU\HQHUJ\
VRXUFHV
5(6EDVHG
(QHUJ\
FRQYHUWHUV
(QHUJ\
SDUDPHWHUV
FRQYHUWHUV

/RDGV
0HDVXUHPHQW
DQGDQDO\VLV
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R KHDWDQGSUHVVXUHGLVFKDUJHYDOYH9'7W\SHDW&EDU
R H[SDQVLRQYHVVHOVVHDOLQJILWWLQJVWKHUPRPHWHUVDQGPDQRPHWHUV

7KHVHPRGXOHVDUHGHVLJQHGWREHXVHGLQWKHRQVLWHWUDLQLQJSURFHVVDQGVHUYHWKHRQOLQHV\VWHPLQWKHUHVWRI
WKHWLPH
7KHILHOGHGXFDWLRQPRGXOHRI5(6)LJFRQWDLQVHQHUJ\FRQYHUVLRQHTXLSPHQWGDWDDFTXLVLWLRQV\VWHPVDQG
PDQDJHPHQWDQGFRPPXQLFDWLRQPRGXOHVIRUUHPRWHPRQLWRULQJDQGFRQWURO


)LJ(GXFDWLRQDOSDUWPRGXOH
7KHLGHDRIWKLVPRGXOHLVWRSURYLGHWKHIXQFWLRQDOLW\RIDPRELOHODERUDWRU\DFFHVVLEOHE\PRELOHGDWDQHWZRUNV
7RPRQLWRUDQGFRQWUROWKHFRQYHUVLRQHTXLSPHQWDGHGLFDWHGZHEEDVHGDSSOLFDWLRQRI6&$'$W\SHDQGDZHE
EDVHG YLUWXDO LQVWUXPHQWDWLRQ ZHUH GHVLJQHG DQG LPSOHPHQWHG 7KH LPSOHPHQWDWLRQ ZDV PDLQO\ FRQFHLYHG IRU
GLGDFWLFDOSXUSRVHV7KHPRGXOHDUFKLWHFWXUHLVVKRZQLQ)LJ


)LJ0RQLWRULQJDQGFRQWUROPRGXOHDUFKLWHFWXUH

,QWHJUDWLRQPRGXOH
5(6EDVHG
(QHUJ\
FRQYHUWHUV
(QHUJ\
SDUDPHWHUV
FRQYHUWHUV

/RDGV 0HDVXUHPHQW
DQGDQDO\VLV



&RPPXQLFDWLRQ
PRQLWRULQJ
FRQWURODQGGDWD
ORJJLQJXQLW
'DWDVWRUDJH
0RQLWRULQJDQGFRQWURO
$SSOLFDWLRQ6HUYHU
$XWKHQWLFDWLRQ
PRGXOH
+0,DQG9LUWXDO
LQVWUXPHQWDWLRQ
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9LUWXDOODERUDWRU\IXQFWLRQDOLWLHV
9LUWXDOODERUDWRU\SURYLGHVDFFHVVWRUHDOH[SHULPHQWVUHODWHGWR
x PHDVXULQJRIHOHFWULFDODQGRIQRQHOHFWULFDOSDUDPHWHUVIURPD5(6EDVHGV\VWHP
x VWXG\RIGLIIHUHQWFRQQHFWLRQVIRUWKHHQHUJ\SURGXFWLRQXQLWV
x VWXG\RIORDGVGLUHFWO\IHGRUIHGE\VWRUHGSRZHUVWXGLHGRQVLWH
3UDFWLFDO DFWLYLWLHV DUH IRFXVHG RQ KLJKOLJKWLQJ WKH FKDUDFWHULVWLFV RI UHQHZDEOH HQHUJ\ UHVRXUFHV HQHUJ\
FRQYHUVLRQDQGWKHHTXLSPHQWFRQWUROEXWDOVRWKHPDQDJHPHQWRIWKHVHHQHUJ\SURGXFWLRQV\VWHPV
%HFDXVHHDFKH[SHULPHQWSURYLGHVGDWDVWRUHGRQWKHYLUWXDOSODWIRUPWKHVHGDWDFDQEHDFFHVVHGDQGDQDO\]HG
ERWKIRUUHVHDUFKDQGVWXGHQWVHYDOXDWLRQ
$QLPSRUWDQWIHDWXUHRIWKHSODWIRUPLVWKHSRVVLELOLW\RISURJUDPPLQJORQJWHUPPRQLWRULQJVHVVLRQVXVHIXOIRU
WKH VWXG\RI WKH SULPDU\ UHVRXUFHV DYDLODELOLW\ RI IRU WKH IXQFWLRQLQJ UHJLPH LQWHUFRQQHFWHGRU LVRODWHG IURP WKH
SRZHUV\VWHP7KLVW\SHRIVHVVLRQFDQUXQLQSDUDOOHOZLWKWKHXVXDOH[SHULPHQWV
'LVFXVVLRQDQGUHVXOWV
,QRUGHU WR HYDOXDWH WKH HIILFLHQF\RI WKH SURSRVHGEOHQGHG OHDUQLQJ VROXWLRQ LQ WKH HGXFDWLRQSURFHVV D VWXG\
UHJDUGLQJ WKH5(6NQRZOHGJH LPSDFWRQ WKH VWXGHQWVKDYHZDVSHUIRUPHG  ,Q WKLVSXUSRVHHYDOXDWLRQ WHVWVZHUH
FUHDWHGWRYHULI\WKHNQRZOHGJHDQGWKHVNLOOVDFTXLUHGZLWKLQILYH\HDUVRQRQHKDQGZKHQFRQVLGHULQJDIRUPRI
WUDLQLQJEDVHGRQDFODVVLFODERUDWRU\DQGDIWHUWKHLQWURGXFWLRQRIWKHYLUWXDOODERUDWRU\7KHVHUHVXOWVDUHVKRZQLQ
7DEOH
7DEOH$QH[DPSOHRIDWDEOH
1RFUW 6WGQR 3URPRYDELOLW\>@ <HDU 2EV
*URXS *URXS *URXS *URXS
      &ODVVLFODERUDWRU\
     
     
      9LUWXDOODERUDWRU\
     

7KHSHUIRUPHGVWXG\KLJKOLJKWVWKDWWKHLQWURGXFWLRQRIWKHYLUWXDOODERUDWRU\OHDGVWRDQRWLFHDEOHLPSURYHPHQW
LQWKH5(6WUDLQLQJSURFHVV7KHVWXGHQWVIRXQGYHU\KHOSIXOWKHLGHDRISHUIRUPLQJH[SHULPHQWVLQORQJHUSHULRGVRI
WLPHFRPSDUHG WR WKH FRQYHQWLRQDOPHWKRGDQG WKH UHSHUIRUPLQJRI WKHH[SHULPHQWVEDVHGRQGDWD VWRUHG LQ WKH
YLUWXDOODERUDWRU\
&RQOXVLRQV
$ PRGHUQ HGXFDWLRQ RQ WKH ILHOG RI HQHUJ\ VWXGLHV SUHSDUHV VSHFLDOLVWV ZKR ZLOO ZRUN LQ DQ DUHD RI JUHDW
LPSRUWDQFH IRU WKH GHYHORSPHQW RI VRFLHW\ DQGZLWK D FRQVLVWHQW LPSDFW RQ VXVWDLQDEOH GHYHORSPHQW'LVFLSOLQHV
GHYRWHG WR WKHVWXG\RIHOHFWULFLW\DQGKHDWSURGXFWLRQEDVHGRQUHQHZDEOHUHVRXUFHVUHSUHVHQWDQHFHVVLW\IRU WKH
SRUWIROLRRIVNLOOVDQGNQRZOHGJHRIHQJLQHHUVDQGVSHFLDOLVWVIRUPHGIRUWKHHQHUJ\LQGXVWU\
7KH 5HQHZDEOH (QHUJ\ 5HVRXUFHV /DERUDWRU\ RI (OHFWULFDO (QJLQHHULQJ 'HSDUWPHQW ZLWK HGXFDWLRQDO
ZRUNVWDWLRQVDQGDGMDFHQWVWXG\WRROVLVDVSHFLDOO\GHYHORSHGVROXWLRQIRUFUHDWLQJQHZVNLOOVDQGHIIHFWLYHWUDLQLQJ
IRU ERWK XQGHUJUDGXDWH SURJUDPV DQG IRU ORQJOLIH OHDUQLQJ SURJUDPV XVHIXO WRGD\ LQ WKH FRQGLWLRQV RI D
FRQWLQXRXVO\WHFKQRORJLFDODFFHOHUDWHGSURJUHVV
7KHSURSRVHGVROXWLRQVUHSUHVHQWDXVHIXO WHDFKLQJPDWHULDOIRUVWXGHQWVDVXQGHUWDNHQVWXGLHVKDYHVKRZQWKH
HYDOXDWLRQRIWKHHIIHFWLYHQHVVRIOHDUQLQJVXSSRUWHGE\WKHGHYHORSHGODERUDWRULHVEXWLWLVDOVRDXVHIXOSODWIRUPLQ
VFLHQWLILFUHVHDUFKIDFWGHPRQVWUDWHGWKURXJKVFLHQWLILFSXEOLFDWLRQVWKDWSUHVHQWHGWKHUHVXOWVRIXVLQJWKLVSODWIRUP
758   Cristian-Dragoș Dumitru and Adrian Gligor /  Procedia Technology  12 ( 2014 )  753 – 758 
,QIXWXUHLWLVSURSRVHGWRLQWHJUDWHWKHVROXWLRQZLWKLQH[LVWLQJ/06LQRUGHUWRLPSURYHWKHWUDLQLQJSURFHVVHVE\
LQFUHDVLQJ WKH DFFHVVLELOLW\ DQG XVDELOLW\ WKURXJK WKH SRVVLELOLW\ RI LPSOHPHQWLQJ FROODERUDWLYH DFWLYLWLHV DQG
LPSURYLQJDVVHVVPHQWDFWLYLWLHV
7KHFXUUHQWVWXG\SODWIRUPLVEDVHGRQD IOH[LEOHDUFKLWHFWXUHVR WKDW WKH ODERUDWRU\FDQEHH[WHQGHGZLWKQHZ
IHDWXUHVDQGXSJUDGHGHVSHFLDOO\DWWKHLQWURGXFWLRQRIQHZWHFKQRORJLHV
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